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Method and composition for preventing, reducing and reversing ocular 

ischemic neuronal damage. 

( 

FIELD OF THE INVENTION 

5 The present invention relates to a newly identified method and composition for treating 
and preventing ischemic ocular neuronal damage with a weekly administration of an 
acetylcholinesterase inhibitor. Specifically, the invention provides method and 
composition for treatment and prevention of congenital and acquired ischemic conditions 

10 which threaten the nerves of the visual system of mammals; these conditions mclude but 
are not limited to: macular degeneration, retinitis pigmentosa, optic neuritis, 
neuroretinitis, Lebers congenital amaurosis, Stargardts disease, Parkinson s disease, 
diabetic retinopathy, idiopathic senile vision loss, uveitis, edema and ocular surgery. 



15 BACKGROUND OF THE INVENTION 

The health of a mammalian visual system is dependent upon the proper vascular 
perfusion of all constituent eye components, including: the retina macula, choroid,- 
sclera, ciliary body, conjunctiva and optic nerve. Afferent and efferent blood flow is 
critical to supplying nutrients, maintaining osmotic balances and removing waste 
20 products. The mammalian eye is vulnerable to many congenital and acquired focal 

ischemicconmtionswhichcandeprivemevisualsystemofproperbloodsupply. Focal 

ischemia occurs under conditions in which a portion of the visual system is deprived of 
its normal blood supply, such as may result from choroidal neovasculanzanon, the 
formation of drusen, reductions in ciliary activity, uveitis, edema, ocular surgery, 
25 traumatic injury, or visual pathway tumors. 

Focal ischemic conditions have the potential for producing widespread neuronal damage, 
even if the ischemic condition is transient. Much of this neuronal damage is attributed to 
secondary consequences of reperfusion of the tissue, such as die release of vasoactive 
30 products by damaged endothelium, and the release of cytotoxic products (free radicals, 
leukotrienes, etc.) by damaged tissues. 

Acetylcholine (ACh) has been determined to be a key regulatory agent in visual system 
perfusion. AChdeficiencies are known to result in reduced capillary constriction and 
sharp decreases in ocular blood flow. 
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SUMMARY OF THE INVENTION 

The present invention provides a method of preventing, reducing and reversing ocular 
neuronal damage related to various ischemic conditions affecting the visual system of a 
mammal. In this method, an amount of a acetylcholine esterase inhibitor is administered 
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to one or both eyes of the mammal affected by or vulnerable to ischemic ocular neuronal 
damage, such that it provides a therapeutic benefit. Specifically, the inhibitor causes 
increased ciliary activity, trabecular flow and choroidal perfusion within the mammalian 
eye. Also forming part of the invention is a method of reducing neuronal damage related 
5 to an ischemic condition. Increased amplification of visual system neuronal signals to the 
mammalian occipital lobe is also provided. 

DETAILED DESCRIPTION OF THE INVENTION 

1 0 For decades, it has been demonstrated that within the mammalian visual nervous system, 
a phenomenon known as neuronal cell death takes place. This cell death i3 regulated by 
the release of neurotrophins. Neurotrophins are a family of small polypeptides which 
bind to low affinity receptors throughout the visual system 

Acetylcholine (ACh) was the first neurotransmitter to be identified 5 and its effects on 
15 synaptic neuromuscular transmission are well established. It has been shown that ACh is^ 
involved in many higher-level neuronal events such as cognition, memory and plasticity. 
Further, it has recently been shown that an enhancement in ACh activity reduces neural 
cell death 17 and the death of related Purkinje cells. 11 

The release of neurotrophins by neuronal cells can be stimulated either by depolarization 
20 or by glutamate. 1 ' 10 An important role of cholinergic (ACh) activity on the synthesis and 
release of trophic molecules by glial cells has been demonstrated in different regions of 
the CNS. 3,13 Interactions between neuronal and glial cells play a fundamental role in the 
adult nervous system. 9 ' 17 Moreover, the role of glial cells protecting neuronal cells from 
excitotoxicity depends on neuron-glial interactions, as mediated by ACh. 

25 The role of cholinergic activity in the differentiation and survival of retinal neurons is not 
well understood. It has been previously demonstrated that treatment with veratridine 
increases the survival of retinal ganglion cells. This effect was blocked by atropine 
indicating the importance of cholinergic activity on neuronal survival. 1 Within the inner 
plexifoim layer of the retina, muscarinic receptors have been identified on processes from 

30 all three inner retinal neuron types; in the outer plexiform layer, muscarinic receptors are 
critical to the functioning of second-order cells, with highest densities along the bipolar 
dendrites. 

Pereira and Araujo (2002) shpw that in-vitro carbamycholine induces a two-fold increase 
in retinal ganglion cell survival, through the activation of Mi receptors, they concluded 
35 that muscarinic activity controls the survival of retinal ganglion cells via a release of 
polypeptides. 14 

The healthy activity level of afferent cells such as rods and cones within the retina also 
plays an important role in regulating neuronal cell death. The blockade of electrical 
activity of afferent cells such as these will, in itself, induce neuronal degeneration within 
40 target cells. 15 
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Systemic ACh levels within the eye often serves to limit the action of ACh within visual 
information processing. 2 

Niemeyer, et al. explored the impact of applying a muscarinic antagonist (Quinuclidinyl 
benzilate) to block of retinal cholinergic reception. They observed a dose-related 
5 decrease in retinal perfusion, suggesting a substantial contribution of muscarinic 
cholinergic transmission toward retinal viability. 12 

Fischer, et al. identified three different muscarinic receptors (cm2, cm3, cm4) within the 
eye and mapped each receptor type for its geographic distribution and unique function. 

It is likely that ACh release within the eye mediates the interactions between retinal cells 
1 0 and ION terminals which innervate the inferior retina and are thought to be essential in 
the enhancement of visual responses communicated by retinal ganglion cells. 

A separate observation suggests a vasoactive role for ACh. Wu, et al. studied the 
presence of muscarinic receptors on pericytes, which are abluminally positioned 
contractile cells that regulate capillary perfusion. Wu found that the activation of (Ach) 
15 muscarinic receptors elevated pericyte calcium levels, increased depolarizing calcium- 
activated chloride currents and caused pericytes to contract. Most contracting pericytes 
were near capillary bifurcations, causing capillary lumens to constrict. The result of 
higher muscarinic stimulation was increased capillary perfusion to the retina. 

Franklin and Johnson lend support to this theory of ACh-dependent longevity; they found 
20 that prolonged and frequent depolarization of neurons led to an increase in cytoplasmic 
free Ca2+, which served to suppress programmed cell death and promote neuronal 
survival. 7 

This invention utilizes the application of an ophthalmic acetylcholinesterase inhibitor, or 
pharmaceutical equivalent thereof, to increase ocular ACh availability and thereby 
25 heighten muscarinic activity, ganglionic signal and retinal perfusion. There is miosis 
dilate. Cycloplege paralysis of vision has no effect on first day, but accelerated decline 
on days 4&5 

The present treatment provides amplification of synaptic transmissions through its 
enhancement of retinal muscarinic receptor functionality, thereby improving the quality 
30 of information destined for the occipital lobe of the brain. Specifically, our unexpected 
success in reversing CNS-based visual loss related to amblyopia; optic neuritis and 
Parkinson's disease has been disclosed. I 

Furthermore, a muscarinic basis to present effect is proven here, through the induction of 
cycloplegic paralysis (using cyclopentolate). If induced on the morning immediately 
35 following treatment with low-dose echothiophate, one can observe no loss of subject 
vision gains, but if induced at day 4-5, there is significant, premature reversal of the 
effect. 

Choroidal circulation and retinal perfusion are visibly increased, within the effects of 
low-dose echothiophate. This is supported by before and after fluorescent angiograms 
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performed across trial subjects. Additionally, increased ciliary body activity increases 
blood flow to and from the choroid. 

Despite the many obvious anterior eye benefits of low-dose echothiophate, including a 
strengthening of accommodation and ciliary enhancement, there is overwhelming 
5 evidence that the primary therapeutic benefits lie within the retinal neuronal network. 

Ophthalmic compositions comprising acetylcholinesterase inhibitors are known, in the 
art, and commercially available, e.g. under the trade name Phosphpline Iodide. However, 
it has been found that Ihese compositions do not exhibit the above therapeutic effects. 

Further, these existing compositions typically have to be applied two to three times a day. 
10 It has been found that such repeated adniinistration is not optimal in practice, because 
inter alia, for optimal treatment the patient has to have the medicament always available 
and the patient is disturbed several times a day. Such multiple administration of a drug, m 
particular of an ophthalmic composition, leads generally to the problem of overdosing 
and underdosing. 

15 Surprisingly, it has now been found that an ophthalmic acetylcholinesterase inhibitor 
such as Phosphotine Iodide can be formulated for weekly administration which weekly 
administration provides therapeutic efficacy in the eye over about 7 days and that such 
compositions are surprisingly well tolerated. Moreover the abovementioned weekly 
ophthalmic compositions produce a highly reliable and more beneficial cluneal result m a 

20 patient treated therewith. 

Therefore, in one aspect the present invention provides an ophthalmic composition 
suitable for weekly administration to the eye before sleep, comprising an ophthalmic 
anticholinesterase inhibitor from about 0.001-0.25%. Preferred inhibitor is (2- 
25 mercaptoethyl) trimethylammonium iodide O.O-diethyl phosphorothioate. Preferred 
concentrations of the inhibitor is 0.001%, 0.015% and 0.03%. 

The compostions of the present invention comprise an active ingredient at a concentration 
so that an effective amount thereof is contained in a drop, wherein said drop amounts 
30 about 10-100 ^ (microliters), preferably about 20-70 ul, and especially about 25-50 uJ. 

Mammals in the present invention include not only humans but also other animals 
selected from a group consisting of mice, rats, rabbits, pigs, cows, goats, dogs, cats and 
monkeys. 
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All publication references, patents and patent applications mentioned m this specification 
are indicative of the level of those skilled in the art to which this invention pertains. The 
contents of all the publications, patents and patent applications are herein incorporated ^by 
reference to the same extent as if each individual publication, patent or patent application 
was specifically and individually indicated to be incorporated by reference. 
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Although the foregoing invention has been described in some detail by way of illustration 
and example for purposes of clarity of understanding, it will be obvious that certain 
changes and modifications may be practiced within the scope of the appended claims. 
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Table One: Examples of visual acuity improvements within low-dose echothiophate subjects. 



Subject 

Initials Sex Condition 



Dosage 



Distant Vision 

Pre-ECHO Post-ECHO 



Near Vision 
(Jaeger) 
Pre- Post- 
ECHO ECHO 



Color Vision 

(Ishihara) 
Pre- Post- 
ECHO ECHO 



BB" 
NM 
WD 2 


F 
M 
F 


Amblyopia 
Amblyopia 
Amblyopia 


0.010 
0.015 
0.010 


20/200 

20/70 

20/50" 2 * 3 


20/200 
20/50* 2 

** 

20/30 2 


18 
1 

7 


16"*' 

1 

2 


0 

10 
10 


5 

10 

10 


DK 


M 


Brain Tumor 


0.015 


20/70 


20/70*" 


3 


1* 


8 


10 


BB 


F 


Cerebral Stroke 


0.015 


20/50 


20/40" 1 


r 


2" 1 


1 


1 


BH 


M 


Central Serous 
Chorioretinopathy 


0.015 


20/300 


20/70" 


16 


1" 2 


2 


6 


AV 
BR 
EM 
TY 


M 
F 
M 
M 


Diab. Retinopathy 
Diab. Retinopathy 
Diab. Retinopathy 
Diab. Retinopathy 


0.015 
0.010 
0.010 
0.010 


20/70 
20/1600 
20/25" 
20/50" 


20/30" 
20/1600 
20/20" 
20/50* 


7* 
18 

1 1 

16 


3* 
18 1 
1 

16 


N/A 

0 

10 

N/A 


N/A 

0 

10 

N/fK 


CO 
TO 


F 

M 


Macular Hole 
Macular Hole 


0.015 
0.015 


20/100" 
20/1600 


20/70" ' 
20/200 


16 
18* 


3" 
10 


N/A 
N/A 


N/A 
N/A 


KC 


F 


Migralne/Amblyopia 


0.015 


20/8000 
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WHAT IS CLAIMED IS: 

1 . A method of preventing, reducing and reversing ocular neuronal damage related 
to various ischemic conditions affecting the visual system of a mammal, 
comprising: administration to one or both eyes of a mammal affected by or 
vulnerable to ischemic ocular neuronal damage, an amount of a acetylcholine 
esterase inhibitor containing composition sufficient to provide a therapeutic 
benefit. 

2. The method of claim 1 , wherein the composition is administered immediately 
prior to sleep. 

3 . The method of claim 2, wherein said inhibitor is (2-mercaptoethyl) 
trimethylammonium iodide 0,0-diethyl phosphorothioate. 

4. The method of claim 3, wherein said (2-mercaptoethyl) trimethylammonium 
iodide 0,0-diethyl phosphorothioate is present at a concentration of 0.001% to 
0.25%. 

8. The method of claim 2, wherein the acetylcholine esterase inhibitor is contained 
in a pharmaceutical^ acceptable buffer medium. 

9. The method of claim 1 , wherein the ocular neuronal damage relates to macular 
degeneration. 

10. The method of claim 1, wherein the ocular neuronal damage relates to retinitis 
pigmentosa. 

1 1 . The method of claim 1, wherein the ocular neuronal damage relates to optic 
neuritis, optic neuropathy and generalized optic nerve ischemia. 

12. The method of claim 1, wherein the ocular neuronal damage relates to 
neuroretinitis. 

13. The method of claim 1, wherein the ocular neuronal damage relates to Lebers 
congenital amaurosis. , 

14. The method of claim 1, wherein the ocular neuronal damage relates to Stargardts 
disease. 

1 5. The method of claim 1 , wherein the ocular neuronal damage relates to 
Parkinson's disease. 

16. The method of claim 1, wherein the ocular neuronal damage relates to diabetic 
retinopathy. 
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17. The method of claim 1, wherein the ocular neuronal damage relates to idiopathic 
senile vision loss. 

18. The method of claim 1, wherein the ocular neuronal damage relates to uveitis. 

19. The method of claim 1, wherein the ocular neuronal damage relates to edema. 

20. The method of claim 1, wherein the ocular neuronal damage relates to ocular 
surgery. 

21. The method of claim 1, wherein the ocular neuronal damage relates to a 
thromboembolic event in the retinal vasculature. 

22. The method of claim 1, wherein the ocular neuronal damage relates to a visual 
scotoma. 

23. The method of claim 1, wherein the ocular neuronal damage relates to a retinal 
migraine, ophthalmoplegic migraine or scintillating scotoma. 

24. The method of claim 1, wherein the ocular neuronal damage relates to central 
retinal artery/vein occlusion. 

25. The method of claim 1, wherein the ocular neuronal damage relates to branch 
retinal artery/vein occlusion. 

26. The method of claim 1, wherein the ocular neuronal damage relates to anterior 
ischemic optic neuropathy. 

27. The method of claim 1, wherein the ocular neuronal damage relates to giant cell 
arteritis. 

28. The method of claim 1, wherein the ocular neuronal damage relates to retinal 
hemorrhage. 

29. The method of claim 1, wherein the ocular neuronal damage relates to cystoid 
macular edema. 

30. The method of claim 1, wherein the ocular neuronal damage relates to macular 
cystic degeneration. 

31 . The method of claim 1, wherein the ocular neuronal damage relates to preretinal 
fibrosis. 

32. The method of claim 1, wherein the ocular neuronal damage relates to ischemic 
maculopathy. 
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33. The method of claim 1, wherein the ocular neuronal damage relates to macular 
holes and cysts. 

34. The method of claim 1, wherein the ocular neuronal damage relates to macular 
epithelial fibrosis. 

35. The method of claim 1, wherein the ocular neuronal damage relates to 
peripapillary staphyloma and peripapillary atrophy. 

36. The method of claim 1, wherein the ocular neuronal damage relates to acute 
macular neuroretinopathy. 

37. The method of claim 1 , wherein the ocular neuronal damage relates to PlaqueniU 
related toxicity. 

38. An ophthalmic composition for weekly administration to the eye, comprising an 
acetylcholinesterase inhibitor in an ophthalmic buffer solution. 

39. The composition of claim 38, wherein the composition is administered once 
weekly, immediately prior to sleep. 

40. The composition of claim 39, wherein said inhibitor is (2-mercaptoethyl) 
trimethylammonium iodide O.O-diethyl phosphorothioate. 

41. The composition of claim 39, wherein said (2-mercaptoethyl) 
trimethylammonium iodide 0,0-diethyl phosphorothioate is present m said 
composition at a concentration between about 0.001% and about 0.25% 

42. The method of claim 39, wherein the acetylcholine esterase inhibitor is contained 
in a pharmaceutically acceptable buffer medium 
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Abstract 



Methods and compositions are provided for preventing, reducing and reversing 
ischemic neuronal damage related to congenital and acquired ophthalmologic 
conditions such as macular degeneration, retinitis pigmentosa, optic neuritis, 
neuroretinitis, Lebers congenital amaurosis, Stargardts disease, Parkinson's disease, 
diabetic retinopathy, idiopathic senile vision loss, uveitis, edema and ocular surgery. 
An amount of an acetylcholine esterase inhibitor containing composition may be 
administered to the eye of a mammal, either topically or via a controlled-felease drug 
delivery system. 
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